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Abstract
Objectives—To examine the impact of HIV on lung cancer incidence and survival.
Design—Prospective study of 2,495 HIV-infected and HIV-uninfected injection drug users in
Baltimore, MD.
Methods—Cancer data were obtained from the Maryland Cancer Registry. We estimated hazard
ratios (HRs) and 95% confidence intervals (CIs) for lung cancer in two strata of packs smoked per
day by HIV serostatus, and for mortality by HIV serostatus.
Results—HIV-infected participants had twice the risk (HR=2.3; 95% CI: 1.1-5.1) of lung cancer.
There was no evidence of an interaction between HIV and packs of cigarettes smoked per day (p-
interaction=0.18). Compared to participants who smoked <1.43 packs per day, among HIV-
uninfected individuals lung cancer risk was six times greater (HR=5.9; 95% CI 2.1-17) and among
HIV-infected individuals lung cancer risk was doubled (HR=2.1; 95% CI 0.63-6.8) in persons who
smoked ≥1.43 per day. Additionally, HIV was associated with four times the risk of death (HR=3.8;
95% CI 0.92-15) in lung cancer cases.
Conclusions—HIV was associated with increased risk of lung cancer, after adjusting for smoking.
However, no evidence was observed for synergistic effects of HIV and smoking. Further, HIV was
associated with poorer lung cancer survival, after accounting for cancer stage.
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INTRODUCTION
After Kaposi sarcoma and non-Hodgkin lymphoma, lung cancer is the most common cancer
among HIV-infected individuals,1;2 with an incidence rate that is two to three times higher
among HIV-infected individuals than in the general population.3;4 However, it is likely that
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the increased risk of lung cancer is partially driven by the high prevalence of cigarette smoking
in HIV-infected individuals. For example, the prevalence of cigarette smoking was 59% among
persons with HIV/AIDS in New York State, three times the prevalence in the general U.S.
population.5 Further, the prevalence of smoking among HIV-infected women in the Women’s
Interagency HIV Study was 56%,6 and the prevalence of smoking among injection drug users
(IDUs) in the Swiss HIV Cohort Study was 96%.7
Several recent studies have suggested that HIV infection is associated with lung cancer, after
adjusting for cigarette smoking.8-10 As in the general population, the vast majority of lung
cancers in HIV-infected individuals occur among cigarette smokers.10-12 Consequently, HIV
infection might enhance the effects of cigarette smoke rather than being independently
carcinogenic.8;9 One hypothesized mechanism asserts that increased HIV-associated
inflammation in the lungs could lead to a greater predisposition to smoking-related lung
damage.9 Previous studies have not fully examined whether HIV interacts with cigarette
smoking, potentially enhancing its carcinogenic effects.
Based on previous literature, it also remains unclear whether survival following a lung cancer
diagnosis is differentially impacted by HIV infection. One prior study reported an increased
risk of death among HIV-infected lung cancer patients compared to HIV-indeterminate lung
cancer patients. However, the difference in mortality was primarily due to differences in cancer
stage at diagnosis as no difference was observed by HIV status after adjusting for stage and
other covariates.11
In the present study, we examined whether the association between cigarette smoking and the
risk of lung cancer differs by HIV status and whether HIV impacts survival in a large, well-
characterized prospective cohort study of HIV-infected and HIV-uninfected IDUs.
METHODS
Study Population
The AIDS Link to the Intravenous Experience (ALIVE) study is a prospective cohort study
that follows community-recruited, HIV-infected and HIV-uninfected IDUs in Baltimore, MD.
Through original enrollment in 1988-89 and subsequent recruitments in 1994-1995, 1998, 2000
and 2005-07, ALIVE has enrolled 4,311 participants. The original cohort included individuals
who were at least 18 years old with a history of injection drug use. Additionally, HIV-infected
participants had to be AIDS-free at enrollment. Participants are interviewed and data are
collected on behavioral practices and medical care. Additionally, blood samples are collected
for HIV antibody testing or measurement of CD4 cell counts and HIV-1 RNA levels, depending
on HIV status. The current analysis included 2,495 participants with at least two years of
follow-up. The ALIVE study has maintained institutional review board approval through the
Johns Hopkins School of Public Health and all participants provided written informed consent.
Lung Cancer Ascertainment
Lung cancer cases were ascertained through linkage of ALIVE cohort participants with the
Maryland State Cancer Registry. Three additional lung cancer cases were identified through
death certificate review. The Maryland State Cancer Registry has collected information on
incident cancers since 1982, with reporting mandated since July 1, 1991.13 Information on
primary cancer sites, dates of cancer diagnoses, and tumor stage were available.
Exposure Assessment
ALIVE participants were tested for HIV at baseline, and HIV-uninfected participants were
tested for HIV antibodies with commercial tests at subsequent visits. For seroconverters, date
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of HIV seroconversion was estimated to be the midpoint between the last HIV-negative visit
and first HIV-positive visit. The median seroconversion window was 0.51 years (interquartile
range [IQR]: 0.49, 0.61 years). Information about cigarette smoking was collected through
semi-annual questionnaires. Participants were asked if they smoked cigarettes and how many
cigarettes they smoked in the past six months. Average packs of cigarettes per day were
calculated with data from baseline through two years prior to the end of follow-up, to allow
for a lag prior to cancer diagnosis. Additionally, information on birth date, gender, race,
insurance status, and use of injected and inhaled illicit drugs were collected by questionnaire.
Information on cause of death was obtained from review of death certificates and linkage with
the National Death Index.
Statistical Analysis
We examined whether the association between the number of packs of cigarettes smoked per
day and lung cancer risk was modified by HIV infection. Participants were censored at the
earliest of the following events: death, two years after loss to follow-up (to allow for additional
cancer ascertainment), or December 31, 2006. Cox proportional hazards regression was used
to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for lung cancer across
categories of the average number of packs of cigarettes smoked per day, dichotomized based
on the median value among lung cancer cases: 0-1.42 and 1.43-2.50 packs per day. An
interaction term between category of packs smoked per day and HIV was added to the model
to test for the presence of effect modification. Joint categories of HIV and packs smoked per
day were assessed in a separate model. Models were adjusted for age at baseline and gender.
HIV status was treated as a time-varying covariate. Age at baseline was modeled as a restricted
cubic spline with knots at the 5th, 50th and 95th percentiles (25, 35 and 48 years) to allow non-
linear associations with packs smoked per day,14 and gender (male vs. female) was treated as
an indicator variable. Inhaled drug use was examined, but not included in the final models, as
its inclusion did not alter the associations of interest. Further, we tested for the presence of an
interaction between HIV and cigarette smoking on the risk of all smoking-associated cancers
combined (i.e., lung, pancreas, larynx, cervix, stomach, and kidney cancers; n=44).
Weighted Kaplan-Meier curves were generated to compare adjusted survival from lung cancer
to death by HIV status.15 Cox proportional hazards regression was used to compare mortality
among HIV-infected and HIV-uninfected lung cancer cases. HRs and 95% CIs were estimated
with HIV as the exposure and time from lung cancer diagnosis until death as the outcome of
interest. Regression models were adjusted for age at diagnosis, gender, distant cancer stage,
average packs smoked per day, current injection drug use at diagnosis, and insurance status at
diagnosis. Age was modeled with restricted cubic splines, with knots at the 5th, 50th and 95th
percentiles (40, 53 and 60 years). Gender (male vs. female), distant stage (distant vs. regional
and local), current injection drug use at diagnosis (yes vs. no) and insurance status (yes vs. no)
were modeled as indicator variables and packs of cigarettes smoked per day was modeled as
a linear term. An additional sub-analysis was restricted to those with distant stage lung cancers,
excluding regional and local stage cancers. Data was analyzed with SAS version 9.1 (SAS
Institute, Cary, NC).
RESULTS
A total of 2,495 ALIVE participants (1,423 HIV-uninfected, 740 HIV-infected at baseline and
332 who seroconverted during follow-up) were followed for 25,708 person-years between
1988 and December 31, 2006. Tweny-nine lung cancer cases occurred among participants with
at least two years of follow-up. Participants that developed lung cancer were older at baseline
(median age: 46 years vs. 35 years; Table 1). The proportion of men (72% vs. 74%,
respectively) and African Americans (97 vs. 94%, respectively) was similar among those with
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and without lung cancer. The proportion of participants that had ever used inhaled drugs was
lower in lung cancer cases (48 vs. 56%). Nearly all ALIVE participants (94%) were ever
smokers. All participants that developed lung cancer had a self-reported history of smoking
while enrolled in the study, and smoked a greater median number of packs of cigarettes per
day than the remainder of the ALIVE cohort (1.4 vs. 1.0 packs per day). The average number
of packs smoked per day during follow-up was the same (i.e., 1.0 pack per day) for HIV-
infected and HIV-uninfected participants.
Of the 29 participants that developed lung cancer, 13 were HIV-infected and 16 were HIV-
uninfected. At cancer diagnosis, the median CD4 cell count among HIV-infected lung cancer
cases was 267 cells/mm3 (IQR: 199, 437) and 46% had a history of highly active antiretroviral
therapy (HAART) use (n=6). HIV-infected participants had an increased risk (HR=2.3; 95%
CI: 1.1-5.1) of developing lung cancer compared to HIV-uninfected participants, after
adjusting for age, gender, and average packs smoked per day. Without adjustment for cigarette
smoking, the association was similar (HR=2.0; 95% CI: 0.92-4.2). The results were comparable
for all smoking-associated cancers combined (HR=2.0; 95% CI: 1.1-3.7).
We compared the risk of lung cancer in binary categories of average packs of cigarettes smoked
per day among HIV-infected and HIV-uninfected individuals, after adjusting for age and
gender (Table 2). For HIV-uninfected individuals the risk of lung cancer was six times greater
(HR=5.9; 95% CI 2.1-17) and in HIV-infected individuals the risk of lung cancer was doubled
(HR=2.1; 95% CI 0.63-6.8) in persons who smoked ≥1.43 packs of cigarettes per day,
compared to those who smoked <1.43 packs of cigarettes per day. Though the association
between packs smoked per day and lung cancer was stronger among HIV-uninfected
individuals, there was no evidence for an interaction between HIV status and packs smoked
per day (p-interaction=0.18). When we treated average packs of cigarettes per day as a
continuous variable, we also observed no evidence of interaction (p-interaction=0.85).
Compared to HIV-uninfected individuals who smoked <1.43 packs per day, HIV-infected
individuals who smoked <1.43 packs per day had greater than triple the risk (HR=3.5; 95% CI
1.2-10) of lung cancer and HIV-infected individuals who smoked ≥1.43 packs per day had
greater than seven times the risk (HR=7.2; 95% CI 2.0-26) of developing lung cancer. When
the analysis was expanded to include 44 smoking-associated cancer cases with at least two
years of follow-up, there was also no significant interaction between HIV status and average
packs of cigarettes per day in categorical (p-interaction=0.90) or continuous analyses (p-
interaction=0.94).
Of the 29 incident lung cancer cases that occurred during follow-up, 26 were identified by the
Maryland Cancer Registry and 3 were identified by death certificate (1 HIV-infected and 2
HIV-uninfected). Of the 12 HIV-infected incident cases, the most common histological type
of lung cancer was squamous cell carcinoma (n=5, 42%). Of the 14 HIV-uninfected incident
lung cancer cases, adenocarcinoma was the most common histological type (n=7, 50%). One
adenocarcinoma occurred among HIV-infected cases and three squamous cell carcinomas
occurred among HIV-uninfected cases. Among HIV-infected cases, 4 (33%) were regional
stage and 8 (64%) were distant stage compared to 2 (14%) local stage, 5 (36%) regional stage,
6 (43%) distant stage and 1 (7%) unstaged among HIV-uninfected cases.
Three additional lung cancers not meeting the inclusion criteria for the interaction analysis
were included in the lung cancer survival analysis (two cases that occurred more than two years
after their last ALIVE visit, and one case with less than 2 years of follow-up). Among the 29
incident lung cancer cases, 26 deaths occurred in 33.3 person-years of follow-up (Table 3). Of
the three survivors, two were HIV-uninfected (one regional stage cancer diagnosed in 2000
and one distant stage cancer in 2006) and one was HIV-infected (regional stage cancer
diagnosed in 2006). According to death certificate review, 24 of the deaths were due to cancer.
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One death related to a fall occurred in an HIV-infected case and another death related to a
bleeding disorder occurred in an HIV-uninfected case; none of the deaths were due to AIDS.
Five (38%) of the HIV-infected and seven (44%) of the HIV-uninfected cases had evidence of
receiving chemotherapy, radiation therapy or surgery.
HIV-infected lung cancer cases had a shorter median survival time (0.39 years; IQR: 0.21;
0.77) than HIV-uninfected cases (0.72 years; IQR: 0.36; 1.7), and a lower one-year survival
rate (18 vs. 42%) (Figure 1A). After adjusting for age, gender, distant stage, average packs
smoked per day, current injection drug use and insurance status (Table 3), the HR of death was
3.8 (95% CI: 0.92-15) for HIV-infected compared to HIV-uninfected lung cancer cases. When
the analysis was restricted to the 17 lung cancer cases with distant stage disease at diagnosis,
the median survival times were 0.31 (IQR: 0.13, 0.56) and 0.44 (0.08, 0.95) years, and the one-
year survival rates were 9% and 17% for HIV-infected and HIV-uninfected distant stage lung
cancer cases (Figure 1B). The adjusted HR of death was 4.3 (95% CI: 0.84-22; Table 3).
DISCUSSION
HIV infection was associated with greater than twice risk of developing lung cancer, after
adjustment for average number of packs of cigarettes smoked per day and other covariates.
However, we observed no evidence for modification of the effect of cigarette smoking in
development of lung cancer by HIV status. Lung cancer cases occurring in this urban,
predominantly African American cohort of IDUs generally presented at advanced stages and
survival was almost uniformly dismal with cancer reported as the underlying cause of death.
We observed HIV-infected lung cancer cases to have shorter survival than HIV-uninfected
lung cancer cases, though with limited cases this was not statistically significant.
The incidence rates of lung cancer have been shown to be elevated among HIV-infected
individuals in a number of studies.1;3;4;16 In data from the Johns Hopkins HIV clinical cohort
in Baltimore, the standardized incidence ratio (SIR) for lung cancer was 5.5.16 Additionally,
a meta-analysis showed that HIV-infected individuals have 2.7 times the risk of lung cancer,
compared to the general population.3 The differences in lung cancer rates are likely partially
attributed to differences in smoking prevalence between HIV-infected individuals and the
general population.7;17-20 However, we observed HIV infection to be associated with 2.3-times
the risk of developing lung cancer, even after controlling for packs smoked per day. The
association between HIV infection and incident lung cancer is attenuated compared to a
previous study in ALIVE, which found HIV to increase the risk of lung cancer death by nearly
four-fold, after adjustment for smoking and other covariates.10 As we observed HIV-infected
individuals with lung cancer to have a shorter survival than HIV-uninfected individuals, this
attenuation is likely due to the use of lung cancer mortality as the outcome in the prior study.
Two studies have also found associations between HIV or AIDS and lung cancer risk in the
absence of complete smoking data, by using alternate methods for adjustment of cigarette
smoking.8;9 The Women’s Interagency HIV Study also found twice the risk of lung cancer
when comparing HIV-infected to HIV-uninfected women, but this result was not statistically
significant, and was based on only 14 lung cancer cases.21 Given the extremely high prevalence
of smoking5-7 in HIV-infected individuals and the decreasing risk of AIDS-related death,22
the incidence of lung cancer and the number of deaths due attributed to lung cancer among
HIV-infected individuals may increase over time.
Sparse data exist regarding mechanisms by which HIV may increase risk for lung cancer;
however, several hypotheses have been proposed. For example, HIV-associated immune
suppression may lead to reduced tumor surveillance, allowing tumors to continue to develop
when they ordinarily would be eliminated by the immune system.23;24 Additionally, HIV-
induced chronic inflammation of the lung and repeated lung infections may increase the risk
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of lung cancer among HIV-infected individuals.12 Another hypothesis is that HIV may enhance
the carcinogenic effects of cigarette smoking.9;12 However, we observed no evidence for
multiplicative interaction between packs smoked per day and HIV infection on the risk of
developing a lung cancer, though interpretation of interaction should be performed cautiously
with the limited numbers of cases.
We observed HIV infection to be associated with four times the hazard of death among lung
cancer cases and distant stage lung cancer cases, although limited power precluded these
findings from being statistically significant. Several previous studies have shown poorer
survival among those with HIV or AIDS,25-28 though one study found no difference between
HIV-infected and HIV-indeterminate patients after accounting for stage at presentation.11
The differences that we observed in survival were not due to AIDS or other competing causes
of death. For both HIV-infected and HIV-uninfected individuals, all but two of the deaths were
due to cancer. We were unable to thoroughly examine whether differential cancer treatment
may have contributed to the differences in survival. Though treatment data was provided by
the Maryland Cancer Registry, data is only collected on the first course of cancer treatment.
Thus, we are limited in drawing any conclusions from this study regarding the role of treatment
in the shorter survival of HIV-infected lung cancer cases. Unlike a prior study,11 the differences
in survival by HIV status that we observed were not due to later stage at diagnosis among HIV-
infected individuals. When restricted to distant stage cancer cases, we continued to observe an
increased risk of death among those with HIV. It has also been suggested that the differences
in survival may be due to HIV infection leading to a more aggressive form of lung cancer.11
It is important to note that lung cancer survival was poor among both HIV-infected and HIV-
uninfected participants, perhaps reflecting limited access to care among IDUs, irrespective of
HIV status.
Our use of cohort data that included collection of smoking exposure among both HIV-infected
and HIV-uninfected individuals followed through identical methods provides an appropriate
comparison group and is a main strength of this report. The lack of available data from HIV-
uninfected individuals drawn from the same source population as HIV-infected individuals is
a central limitation of many prior studies that have examined HIV and cancer risk. The
availability of this data allowed for adjustment of covariates, including average number of
packs of cigarettes smoked during follow-up, and supports our findings that HIV infection
increases risk for lung cancer independent of smoking.
Our study had several limitations. Although we evaluated a large cohort with extensive follow-
up, we identified a relatively small number of cancer cases, which limited the precision of our
estimates and the power to detect effect modification. Additionally, cancers may not have been
ascertained if study participants lived outside of Maryland. However, >98% of ALIVE
participants live in Maryland, and we do not believe under-ascertainment would be differential
by HIV status, thus this limitation should not have biased our results. The baseline smoking
data collected in the ALIVE study did not include smoking history prior to study enrollment.
Thus, we were unable to include a measure of duration of smoking as a covariate. However,
In recent data from active ALIVE participants, we have demonstrated equivalent age at
initiation (14 vs. 14 years) and cumulative pack-years of smoking (20 vs. 19) among HIV-
uninfected and HIV-infected participants, respectively (Marshall, M.M.; unpublished work).
In conclusion, we observed that HIV infection was associated with an increased risk of lung
cancer, after adjustment for individual smoking exposure and other covariates. Our data did
not suggest any synergistic effect of HIV infection in enhancing the effect of cigarette smoke
on cancer risk. Finally, we observed that lung cancer cases with HIV have may have shorter
survival than those without HIV, independent of stage at diagnosis. These data highlight the
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need for continued investigation of the mechanisms involved in HIV infection influencing the
development and subsequent survival of lung cancer.
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Adjusted survival curves for HIV-infected and HIV-uninfected lung cancer cases (A) and
distant stage lung cancer cases (B) in the ALIVE study, 1988-2006.
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Table 1
Characteristics of 2,495 men and women enrolled in the ALIVE study, 29 of whom develop lung cancer during





Age at baseline (years), median (IQR) 46 (40, 49) 35 (31, 40)
Person-years of follow-up, median (IQR) 7.3 (5.4, 9.8) 9.8 (5.7, 15)
Men, n (%) 21 (72) 1,819 (74)
African American, n (%) 28 (97) 2,315 (94)
Ever smoker, n (%) 29 (100) 2,324 (94)
Average packs smoked per day, median (IQR) 1.4 (1.1, 1.6) 1.0 (0.65, 1.4)
Inhaled drugs use, n (%) 14 (48) 1,369 (56)
HIV status:
   Negative, n (%) 16 (55) 1,407 (57)
   Positive, n (%) 9 (31) 731 (30)
   Seroconverter, n (%) 4 (14) 328 (13)
IQR: interquartile range
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